The polymerase chain reaction (PCR) was used to detect varicella-zoster virus (VZV) DNA in the cerebrospinal fluid of patients with VZV infection associated with neurological symptoms. Positive results were obtained in three of five children with post-chicken pox cerebellitis and in seven of seven herpes zoster patients with neurological symptoms. The PCR thus provides a useful tool for the early diagnosis of VZV-associated neurological disease.
Primary infection with varicella-zoster virus (VZV) and its reactivation are sometimes associated with severe neurological symptoms, such as encephalitis, meningoencephalitis, or nerve palsies (6, 7) . Encephalitis following chicken pox has been assumed to be due to parainfectious events, at least in immunocompetent hosts (12) . It is therefore unclear whether treatment with acyclovir (1) should be initiated in these cases.
Because VZV can only rarely be isolated from the cerebrospinal fluid (CSF) of patients with neurological disease due to herpes zoster, the isolation technique is not appropriate for proving the viral etiology of these symptoms.
We have adapted the polymerase chain reaction (PCR) technique (18) for the rapid and sensitive detection of VZV DNA sequences in CSF samples. Test sensitivity and specificity were investigated by using eight different pairs of primers from the XbaI M region (4) of the VZV genome, which does not contain sequence homologies with other herpesviruses (3) and also does not show genomic variation between different VZV isolates (9, 20) . The primers VZ 7 (ATGTCCGTACAACATCAACT; nucleotides 3377 to 3396) (2) and VZ 8 (CGATTTTCCAAGAGAGACGC; nucleotides 3643 to 3624) yielded the highest test sensitivity for VZVinfected human fibroblasts. The amplification mixture used for VZV PCR consisted of 50 mM KCI, 10 mM Tris-CI (pH 8.3), 2 mM MgCl2, 200 ,uM of each dNTP, 10 pM of each primer, 10 ,ul of CSF sample (after freezing and thawing) and 2 U of Taq polymerase (Cetus) (18) . This mixture was overlaid with paraffin, sonicated in a water bath, heatdenatured for 7 min, and subjected to 35 amplification cycles (1 min at 40°C, 1 min at 68°C, and 1 min at 94°C) in a Perkin-Elmer Cetus thermal cycler. The specificity of the amplification reaction was confirmed by slot blot hybridization as described previously (17, 19) by using as a probe the oligonucleotide VZ 9 (GGTGGAGACGACTTCAATAGC; nucleotides 3545 to 3565). To avoid contamination during the PCR procedure (14) , individual steps of the assay were carried out in separate rooms, and special pipets and tips were used (13, 19) .
To assess the sensitivity of this method, primary human * Corresponding author.
foreskin fibroblasts infected with VZV were tested. A concentration of 0.01 infectious units could be detected when the infected cells were diluted in double distilled H20 (Fig. 1 For quantitative evaluation of the PCR results, the individual bands were cut out of the filter membrane after amplification and hybridization, and the radioactivity of the bound probe was counted. The cutoff was set at the number of counts obtained with 0.05 infectious units of VZV-infected cells diluted in CSF (Fig. 2) . All control CSFs yielded signals below this cutoff level.
The assay was then applied to the analysis of CSF samples from five children suffering from post-chicken pox cerebellitis, as well as from seven patients with VZV reactivation associated with neurological symptoms. The clinical diagnosis of chicken pox was serologically confirmed by the presence of virus-specific IgM ABs in the acute-phase serum sample. Laboratory confirmation of VZV reactivation was based on the presence of high complement-fixing antibody titers (.64) (8) , high levels of IgG AB (5) patients with only one serum and CSF sample available). The remaining three patients with paired serum and CSF samples available showed at least a fourfold increase in complement-fixing AB titers in serum accompanied by a significant rise of IgG ABs in serum and CSF leading to at least a fourfold increase in the CSF/serum AB ratio, unaccompanied by similar changes in the ratio for unrelated antigens. All serum and CSF samples were also tested for Tables 1 and 2 PCR-positive results were obtained from 10 of the 12 patients investigated (Fig. 2) . Examples of VZV PCR results are shown in Fig. 3 . Viral DNA was detected by PCR in the CSF of three children with post-chicken pox cerebellitis (Table 1) of the two children who received the highest dosages of acyclovir per day prior to the sampling of the CSF.
VZV DNA was detectable in the CSFs of all seven herpes zoster patients (Table 2) . These results suggest the involvement of VZV in meningitis, meningoencephalitis, and palsies of cranial nerves. In contrast to virus isolation (10, 11) , the PCR assay proved to be a reliable and sensitive marker for the presence of virus in the CSF and is therefore a potentially valuable tool for the early diagnosis of VZV-caused neurological disease. Positive PCR results were observed as early as day 3 after the appearance of vesicles (Table 2) , several days before confirmation by serological assays is possible. While in most cases, the clinical diagnosis of VZV-caused neurological disease is facilitated by the appearance of the typical vesicular eruptions, the PCR assay is especially valuable in those cases in which no cutaneous rash can be observed (patients 2 and 4, Table 2 ) (10, 15) . In these cases, reactivation can otherwise be confirmed only by a significant increase in AB levels, which usually takes several days. PCR will also be useful in cases where unambiguous serological diagnosis is not possible because of the presence of HSV-and VZV-cross-reactive ABs (21) . Detection of VZV DNA in CSF by PCR therefore represents an early and valuable diagnostic marker in patients with neurological symptoms due to VZV. 
